The colonial stony coral genus Madracis is cosmopolitan, lives in shallow and deep water habitats, and includes zooxanthellate, azooxanthellate and facultative symbiotic species. One of its species, Madracis pharensis, has been recorded from the Mediterranean and East Atlantic, where it forms small knobby and facultative zooxanthellate colonies (also named M. pharensis f. pharensis), and from the tropical Caribbean, where it also occurs in a massive and zooxanthellate form (named M. pharensis f. luciphila by some). These two forms have been previously found to host different Symbiodinium species. In this study, species boundaries and phylogenetic relationships between these two Madracis pharensis forms (from the Mediterranean Sea and the Caribbean), M. senaria, and the Indo-west Pacific M. kirbyi were analyzed through an integrated systematics approach, including corallite dimensions, micromorphology and two molecular markers (ITS and ATP8). Significant genetic and morphological differences were found between all the examined Madracis species, and between M. pharensis from the Mediterranean Sea and M. pharensis f. luciphila from the Caribbean in particular. Based on these results, the latter does not represent a 2 zooxanthellate ecomorph of the former but a different species. Its identity remains to be ascertained and its relationship with the Caribbean M. decactis, with which it bears morphologic resemblance, must be investigated in further studies. Overall, the presence of cryptic Madracis species in the Easter and Central Atlantic remains to be evaluated.
Introduction
The genus Madracis Milne Edwards and Haime, 1849 is found throughout the tropics but also lives in temperate waters in shallow and deep habitats (Fricke & Hottinger 1983; Cairns 1984 Cairns , 1991 Cairns , 1999 Cairns , 2000 Veron & Pichon 1976; Veron 2000; Santodomingo et al. 2007; Neves & Johnsson 2009 ). It includes colonial species forming encrusting, nodular, branching or massive coralla, which are either zooxanthellate, azooxanthellate or facultative symbionts thus occurring in zooxanthellate and azooxanthellate forms (Wells various localities in the Mediterranean and in the Eastern Atlantic (Madeira, Canary, Cap Verde, and Azores islands) (Zibrowius 1980; Cairns 2000; Morri et al. 2000; Gerovasileiou et al. 2015; Özalp & Alparslan 2015) . Laborel (1960) first reported this species from Brazil, and Goreau & Wells (1967) found a "cavernicolous" M. pharensis in Jamaica, thus extending the known species range to the Western Atlantic where it was later recorded also from various localities in the Caribbean and Bahamas, Gulf of Mexico, and Gulf of Campeche (Cairns 2000) . Wells (1973a) in a study of the Scleractinia from Jamaica, distinguished two forms of M. pharensis, one he defined lucifugous and ahermatypic with encrusting and nodular growth form, M. pharensis f. pharensis (Heller, 1868) , and the other one luciphilous and hermatypic with laminar or encrusting growth form, M. pharensis f. luciphila Wells, 1973 . Admittedly, the author did not look into detail at the corallite scale differences between the two forms, as he stated "attention is focused on the characters of the corallum". Some authors (Cairns 2000; Cairns et al. 2009 ) still separate M. pharensis luciphila and M. pharensis pharensis following Wells' (1973a) distinction between the hermatypic and the ahermatypic forms in the Caribbean. However, most authors have abandoned such distinction and referred to the zooxanthellate form (Figs. 1b, c) as M. pharensis in their works (Diekmann et al. 2001; Vermeij & Bak 2002b; Vermeij et al. 2004; Frade et al. 2008a Frade et al. , b, c, 2010 Neves & Johnsson 2009 ) although they did start separating different colour morphs having differences in their ecology and reproductive biology (Vermeij et al. 2004; Frade et al. 2008b Frade et al. , 2010 . Wells (1973a) stated that M. pharensis f. luciphila "may be a distinct species, but the morphology of the skeletal structures appears to be identical". Doubts have been also expressed by Zibrowius (1980) on the actual identity of the Caribbean and Brazilian specimens he could examine. Later, Fenner (1993) on the basis of his observations of living corals at different localities in the tropical Western Atlantic (Mexico, Martinique, Saint Lucia, the Cayman Islands, and Honduras) concluded that M. pharensis in this region is actually a form, or ecomorph, of the morphologically plastic zooxanthellate Madracis decactis (Lyman, observed at the stereo microscope. Fragments of five specimens were loaned to the first author for further analyses at the Scanning Electronic Microscope (SEM).
In order to avoid confusion and repetitions of the geographic origin of the examined specimens we henceforth refer to the non symbiotic Mediterranean and Eastern Atlantic material as M. pharensis, and to the zooxanthellate form from the Caribbean as M. pharensis f. luciphila. The azooxanthellate Caribbean form of M. pharensis (=M. pharensis f. pharensis), was not investigated in this study as material could not be retrieved.
DNA extraction, amplification, and sequence analyses
Total genomic DNA was extracted from coral tissue using DNeasy Blood and Tissue Kit (Qiagen Inc., Valencia, CA, USA), following the manufacturer's protocol. Polymerase chain reaction (PCR) amplification was carried out for two molecular markers, a ~1400 bp portion of the mitochondrial DNA spanning a section of the 3' end of NAD5 gene, the entire trnW and the putative ATP8 genes, the entire intergenic spacer between ATP8 and COI genes, and a section of the 5' end of COI gene (hereafter ATP8) (Chen et al. 2008; Flot et al. 2008a ) and a ~600 bp portion of the nuclear rRNA including the 3' end of the 18S rRNA, the entire ITS1, 5.8S, and ITS2, and the 5' end of the 28S rRNA (hereafter ITS region). These two molecular markers have proved to be powerful in the definition of species boundaries in the other pocilloporid genera Pocillopora (Flot et al. 2008a; Schmidt-Roach et al. 2012; Pinzon et al. 2013 ), Seriatopora (Flot et al. 2008b and Stylophora (Flot et al. 2011; Stefani et al. 2011; Klueter & Andreakis 2013) . The ATP8 locus was amplified for a total of 39 samples, the ITS region for 54. The ATP8 locus was amplified using the primers FNAD5.2deg and RCOI3 (Flot et al. 2008a ) in a 25 μl PCR volume containing 1X PCR buffer, 1.5 mM MgCl2, 0.2 μM for both of each primer, 0.1 mM of each dNTP, and 2 U of Taq polymerase. Thermal cycling conditions were 94° for 2 min; 35 cycles of 94° for 30 sec, 53° for 1 min, and 72° for 1 min; and 72° for 2 min. ITS region was amplified using the primers A18S (Takabayashi et al. 1998 ) and ITS4 (White et 
Morphological analyses
Scleractinian coral samples were analyzed both at macro-and micromorphological level, using light microscopy (Leica M80 microscope) and SEM, respectively. In total, specimens 40 were studied and measured, 11 of M. pharensis, 10 of M. pharensis f. luciphila, 12 of M. kirby, and 7 of M. senaria. Corallum fragments size varied among species with nodular fragments of the colonies of M. pharensis being the smallest examined and reaching a maximum of 2 cm in length and width ( Fig. 1 ). For imaging of corallite micromorphology at the scanning electron microscope (SEM), fragments of specimens were grinded, mounted on stubs using silver glue, sputter-coated with conductive gold film and examined using a Vega Tescan Scanning Electron Microscopy at University of Milano-Bicocca.
Coral skeletons for corallite measures were imaged through a Leica M80 microscope equipped with a Leica IC80HD camera at the same magnification to obtain images of 14 x 10.5 mm of the corallum surface. The Analyzing Digital Images tool was used to take measurements of the inter columella distance (ID) defined as the linear distance between the centre of the columella and two adjacent corallites, and of the calice diameter (CD) ( Fig. 3 ). ID and CD were measured on five corallites for each specimen. Measures were taken between and within haphazardly selected corallites without any evidence of extracalicinal budding. In case of coralla with nodular growth forms, only corallites found on the sides and at least 5 mm from the top were considered. Variables were log-transformed, tested for normality (Shapiro-Wilk's W-test) and homogeneity of variance (Levene's test), then subjected to an analysis of variance. Turkey's test for unequal sample size (Spjotvoll & Stoline 1973) was used for post hoc comparisons of means. Alpha values were adjusted using the Bonferroni correction for multiple tests taking into account the average variable correlation (Simes 1986 ). For each character, the specimen mean from the five replicates was calculated.
Results

Molecular results
Sequence lengths of ATP8 ranged from 1155 (in M. pharensis) to 1275 bp (in M. kirbyi), and those of ITS Table 4 ).
Alignment of the ITS region was conducted on a total of 63 sequences:31 sequences newly obtained in the present study and the remaining ones downloaded from GenBank (in particular, two sequences of M. pharensis, 18 of M. pharensis f. luciphila, and 12 of M. senaria). As detected also for the mitochondrial region, the network showed no shared haplotype among the four lineages, being, therefore, genetically (1.71 ± 0.39) ( Table 5) .
Morphological results
The examined specimens of M. pharensis have round to polygonal corallites (Figs. 5a, e) with a cerioid or sub-plocoid arrangement (Fig. 5a ). Average CD is 1.66 mm (± 0.22) ( Table 2 ). Septal arrangement is decameral (S1 = 10) with S2 shorter than S1 (Figs. 5e, i). The top margin of the S1 is slightly exsert or flush, with a coenosteum ornamentation. Finely ornamented septal lobes are found at the inner end of the septa before fusing with the columella (Figs. 5e, i). A deep notch is found between the inner part of the corallite wall and the distal end of the septa (arrow in Fig. 5i ). S1 sides with blunt spines all over the surface (Fig.   5m ). The well developed styliform columella sits relatively deep in the fossa , with a wide base ( (Table 2) .
Septal arrangement is decameral (S1 = 10) ( Fig. 5f ). S2 are shorter than S1 being in some specimens extremely reduced and visible only at the SEM as lobes alternating with S1 (Figs. 5f, j), while in others is more developed and visible (Fig. 3) . The top margin of the S1 is exsert to the coenosteum, being also higher than the coenosteum ornamentation (arrow in Fig. 5j ). Finely ornamented septal lobes are found at the inner end of the septa before they fuse with the columella (Figs. 3, 45f, j). S1 sides with blunt spines all over the surface ( The coralla of M. senaria from Frade et al. (2010) , included in our analyses, have round corallites with a plocoid arrangement (Figs. 5c, g). Average CD is 1.45 mm (± 0.12) ( Table 2) . As described by Wells (1973b), S1 = 10, but septa are dimorphic. In fact, six protosepta (S1P, Figs. 5g, k) and four metasepta (S1M, Figs. 5g, k) can be distinguished, with S1M thinner and shorter than S1P. The top margin of the S1P is exsert with respect to the coenosteum (arrow in Fig. 5k ) and higher than the S1M margin. Septal lobes at the inner end of the septa were not observed in the examined specimens ( Fig. 5k ). Septal side ornamentation present on S1P towards the outer end of the septa where they are thicker, reduced or absent on S1P (Fig. 5k ). The styliform columella sits relatively deep in the fossa and is well developed and with a variably wide base, rounded at the top (Fig. 5k) , and circular to oval in section (Figs. 5g, k) . Columellae of adjacent corallites are on average 2.31 mm (± 0.36) apart. Coenosteum well developed, compact ( Fig. 5c ). Coenosteum ornamentation is composed of small sized granules (Fig. 5o ) which can be well formed or very reduced.
The examined specimens of M. kirbyi have round to polygonal corallites with a cerioid or sub-plocoid arrangement depending of the specimen (Fig. 5d; Figs. 164, 165 in Veron & Pichon 1976) . Average CD is 1.45 mm (± 0.18) ( Table 2) . Septal arrangement is decameral (S1 = 10) with reduced to extremely reduced S2 (Fig. 5h ). The top margin of the S1 is slightly exsert or flush with the coenosteum ornamentation. Finely ornamented septal lobes are found at the inner end of the septa before they fuse with the columella (Fig. 5l) .
A notch is found between the inner part of the corallite wall and the distal end of the septa (arrow in Fig. 5l) resulting in a lobe similar to that observed in M. pharensis although in this species lobes are more pronounced. S1 sides with blunt spines all over the surface (Fig. 5l ). The styliform columella sits relatively deep in the fossa and is well developed, with a wide base (Figs. 5h, l), rounded, and circular to oval in section (Figs. 5h, l) . Columellae of adjacent corallites are on average 1.91 mm (± 0.32) apart. Coenosteum generally well formed, ornamentation composed by a series of large ( Fig. 5p ) or medium ( Fig. 5h ) sized granules forming bounding ridges shared by adjacent corallites (Fig. 5d ) (Veron & Pichon 1976) . Statistically significant differences in CD were found between M. pharensis, which has the largest average CD among the examined species, M. pharensis f. luciphila (smallest CD) and M. senaria. Statistically significant differences in CD were also found between M. pharensis f. luciphila and M. senaria and M. kirbyi (Table 3) . No statistically significant differences in calice dimensions were found between M. pharensis and M. kirbyi, and M. senaria (Table 3) . Statistically significant differences in ID were found between M. senaria, which has the largest ID among the examined species, and M. pharensis (smallest ID), M. pharensis f. luciphila, and M. kirbyi (Table 3) . No statistically significant differences ID were found between M. pharensis and M. pharensis f. luciphila, or M. kirbyi, nor between M. pharensis f. luciphila and M. kirbyi (Table 3) .
Discussion
Genetic and morphological boundaries between the examined species
Significant genetic and morphological differences were found among the examined Madracis species in general, and between M. pharensis and M. pharensis f. luciphila in particular. All the examined species presented a decameral arrangement of the septa (S1 = 10; S2 < S1 or extremely reduced) with the case of M. senaria presenting dimorphism of S1 (S1P = 6; S1M = 4) ( Fig. 5) . Overall, the development of S2 varied in all the examined species, being always extremely reduced in M. senaria but variable in the other species.
According to Cairns (2000) and to Neves & Johnsson (2009) , M. pharensis specimens from southwestern Atlantic have 12 septa, 6 S1 and 6 S2. Although we agree with these authors that "septal number may be an unreliable character if considered exclusively" (Neves & Johnsson 2009 ), none of the specimens we pharensis are statistically significantly larger than in M. pharensis f. luciphila ( Fig. 6 ; Table 3 ). These remarkable differences, highlighted in this study for the first time, suggest that M. pharensis f. luciphila is not simply a different morph of M. pharensis, but that it is a distinct species and that the two can be distinguished based on their morphology, genetics and ecology. Therefore, the doubts expressed by previous authors (Wells 1973a; Zibrowius 1980) on the actual identity of the Caribbean and Brazilian specimens of M. pharensis are confirmed by our findings. However, two points remain to be clarified before any formal taxonomic action can be undertaken. Firstly, it is needed to verify if, as suggested by Fenner (1993), the zooxanthellate M. pharensis f. luciphila which has been called M. pharensis in the Caribbean and in Brazil is actually a form, or ecomorph, of the morphologically plastic and zooxanthellate Madracis decactis. In fact, Frade et al. (2010) showed that the genetic boundaries between these species are semi-permeable. Secondly, the genetic and morphologic boundaries between the azooxanthellate and sciaphilous M. pharensis from the Caribbean and the forms examined in this study need to be investigated. The difference in size between the zooxanthellate (larger) and azooxanthellate (smaller) Caribbean forms were already remarked by Cairns (2000) who also noted that the former has more widely spaced corallites than the latter.
There is recognized ecophenotypic plasticity at both colony and corallite level in Madracis (Todd 2008).
However, Filatov et al. (2013) argued that morphological characteristics at the colony level in addition to corallite morphology, genetic and ecological information, are in particular useful to delineate different coral species in the genus. They focused on Caribbean species characterized by a branching growth form and did not include either form of M. pharensis. Although we did not include measures of the corallum shape in our morphological analyses, all the coralla of the examined M. pharensis specimens were from knob-shaped and/or encrusting colonies, while all the examined specimens of M. pharensis f. luciphila were from typically encrusting or massive coralla.
Our results showed that M. pharensis and M. kirbyi are genetically distinct. However, no statistically significant difference in corallite diameter or inter columellar distance was found between these two species.
In the original description of M. kirbyi, Veron & Pichon (1976) remarked that this species has a muchreduced second cycle of septa compared with that of the Mediterranean specimens of M. pharensis, but that the two species seem related. The degree of development of the second cycle of septa considered by some authors as an informative character seems actually rather variable intraspecifically as also remarked by Zlatarski & Estalella (1980) in their description of M. decactis. Morphological analyses at the SEM showed, however, differences in columellar morphology between the two species. In M. pharensis the columella is wider at the base (Fig. 5e ) than in M. kirbyi (Fig. 5h ) and its tip is pointed (Fig. 5i) , while in the latter it is rounded (Fig. 5l ). Moreover, in several of the examined M. kirbyi specimens the septa reaching the columella form a pattern of radiating ridges on its surface (Fig. 5h) . Schmidt-Roach et al. (2014) suggested that in the genus Pocillopora the shape of the columella could be a reliable character to tell species apart despite a remarkable reduction and morphologic variability of the septa. Our results indicate that the columella could be also an informative morphological character in in Madracis, suggesting that this feature should be taken into account in future studies addressing species level differences in other pocilloporids as well. Madracis senaria is morphologically and genetically a distinct species being the only one among the Caribbean species examined by Frade et al. (2010) for which clear genetic boundaries were evidenced. Our results confirm this finding, showing that this species is also genetically distinct from M. pharensis and M. kirbyi. Despite significant genetic differences between M. kirbyi and M. senaria, and although corallites are more distant in the latter than in the former, these two species have similar corallite diameter. The peculiar dimorphism of S1 (S1P = 6; S1M = 4) ( Fig. 5) in Madracis senaria, however, allows to readily tell these two species apart from all the other described species in the genus. 
The occurrence of M. pharensis outside the Mediterranean and the Eastern Atlantic
In addition to the aforementioned records of M. pharensis in the Western Atlantic, an azooxanthellate form of Madracis named M. sp. cf M. pharensis has been recorded in the Indo-Pacific in the Philippines and Fiji (Cairns & Zibrowius 1997) , the Galapagos (Wells 1983 , Cairns 1991 , Hickman 2008 , and in the Guf of California, Mexico (Reyes Bonilla et al. 1995; Cairns & Zibrowius 1997) (;;;;. Not much is known about this form which has never been analyzed genetically. Reyes Bonilla et al. (1995) suggested that skeletal differences among M. pharensis and Madracis sp. cf M. pharensis "are important and consistent enough that they may represent two different species" mainly based on the extreme reduction of the secondary septa in the Pacific form (e.g. Hickman 2008:24 SEM figure). Our results confirm the suspicions expressed by some authors (see Wells 1973a; Zibrowius 1980; Fenner 1993 ) that the Caribbean zooxanthellate and hermatypic form previously named M. pharensis (Diekmann et al. 2001; Vermeij & Bak 2002b; Vermeij et al. 2004; Frade et al. 2008a Frade et al. , b, c, 2010 and M. pharensis f. luciphila (Wells 1973a; Cairns 2000; Cairns et al. 2009 ) is not the same species as M. pharensis from the Mediterranean (Heller 1868; Laborel & Vacelet 1958; Zibrowius 1980; Gerovasileiou et al. 2015) . However, the azooxanthellate Caribbean form M. pharensis f. carmabi, need to be analyzed using ATP8 as a marker together with detailed micromorphological tools and will be addressed in a paper in preparation.
Conclusions
The results presented in this paper indicate that M. pharensis from the Mediterranean Sea and the form cM. Fukami, H., Chen, C.A., Budd, A.F., Collins, A.G., Wallace, C.C., Chuang, Y.Y., Dai, C.F., Iwao, K., Sheppard, C.R.C. & Knowlton, N. (2008) Mitochondrial and nuclear genes suggest that stony corals are monophyletic but most families of stony corals are not (Order Scleractinia, Class Anthozoa, Phylum Cnidaria). PLoS ONE, 3, e3222. Table 1 . Tables   Table 1 List of the examined Madracis samples, including collection code, sampling locality (the number in parentheses refers to the locality shown in Fig. 1 Further details on the research vessels and DOI on the expeditions, when available, can be found in the acknowledgements. Table 3 One-way ANOVA results for differences between the examined Madracis species (Mp = M. pharensis; Mpl = M. pharensis f. luciphila; Ms = M. senaria; Mk = M. kirbyi). *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; n.s., not significant. 
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